The sulfated polysaccharide (PLS) fraction of Agardhiella ramosissima was characterized by microanalysis, infrared spectroscopy, NMR and gas-liquid-chromatography-mass-spectrometry. The main constituent of PLS was the carrageenan. The monosaccharide composition of the PLS showed galactose, 3,6-anhydrogalactose and 6-O-methylgalactose. The PLS (30 mg kg −1 ) significantly reduced the paw oedema induced by carrageenan, dextran, histamine and serotonin and also was able to significantly inhibit leucocyte migration into the peritoneal cavity and decrease the concentration of myeloperoxidase (MPO) in paw tissue. In the antinociceptive tests, the pre-treatment with PLS reduced the number of writhes, the licking time but did not increase the latency time of response. This study demonstrates for the first time the anti-inflammatory and anti-nociceptive effects of PLS from A. ramosissima. Thus, we concluded that PLS could be a new natural tool in pain and acute inflammatory conditions.
Introduction
The search for compounds with pharmacological properties from natural products has led to the discovery of pharmacologically active substances with important applications both in the experimental field and identification of active principles with therapeutic interest Corrêa, Melo, & Costa, 2008; Konig & Wright, 1995; Rocha, Fernandes, Quintão, Campos, & Calixto, 2006; Sousa et al., 2008) .
Marine organisms are sources of numerous compounds with pharmacological properties (Arif, Al-Hazzani, Kunhi, & Al-Khodairy, 2004) . The variety and complexity of these molecules which are the secondary metabolites of algae is difficult to be obtained by chemical synthesis and are reaching highly refined forms for protection against the weather, pollution and predators (Viegas, Bolzani, & Barreiro, 2006) . comprising alternating (1 → 3)-linked ␤-d-galactopyranose units, as well as (1 → 4)-linked ␣-d-galactopyranose units that are frequently in the 3,6-anhydro form (Pereira & Mesquita, 2003; Usov, 2011) .
The inflammatory process is a temporal phenomenon, characterized by intense neutrophil infiltration and a variety of mediators such as histamines, serotonin, bradykinins, nitric oxide, and prostaglandins (Carvalho et al., 1996; Hajare et al., 2001; Srinivasan et al., 2001 ). There is a strong association between the inflammatory process and the development of pain. Inflammatory pain is accompanied by increased excitability of the peripheral nociceptive sensory fibres produced by the actions of inflammatory mediators (Linley, Rose, Ooi, & Gamper, 2010) .
The aim of the present study was to clarify the chemical characterization of PLS fraction from the red marine alga A. ramosissima and investigate its unexplored anti-nociceptive and anti-inflammatory activities by using experimental models of nociception and inflammation.
Experimental

Drugs and reagents
The following drugs and reagents were used: carrageenan (Sigma-Aldrich), dextran sulphate (Sigma-Aldrich), indomethacin (Sigma-Aldrich), bradykinin (Sigma-Aldrich), histamine (Sigma-Aldrich), hexadecyltrimethylammonium bromide (HTAB), acetic acid, formalin, and morphine sulphate. All drugs were dissolved in sterile saline (0.9% NaCl).
Animals
Male Swiss mice weighing 25-30 g were used. The animals were housed in temperature-controlled rooms and received food and water ad libitum. All experiments were conducted in accordance with the currently established principles for the care and use of research animals (National Institutes of Health [NIH] guidelines) and were approved under no. 020/12 in 2012 by the Ethics Committee of the Federal University of Piauí, Brazil.
Extraction and fractioning of PLS of A. ramosissima
The red seaweed A. ramosissima was harvested at Flexeiras beach, Trairí, Ceará, and a voucher was deposited in the Prisco Bezerra Herbarium at the Federal University of Ceará (Number 34.738). The samples were cleaned of epiphytes, washed with distilled water, and stored at −20 • C. The dried tissue (5 g) was milled and suspended in 250 mL of 0.1 M sodium acetate buffer (pH 6.0) containing 510 mg of papain (E. Merck), 5 mM EDTA, 5 mM cysteine and incubated at 60 • C for 12 h. The residue was removed by filtration and centrifuged at 2700 × g for 25 min at 4 • C. The PLSs were precipitated by the addition of 48 mL of 10% cetylpyridinium chloride (CPC, Sigma Chemical). The mixture was centrifuged at 2700 × g for 25 min at 4 • C. The polysaccharides in the pellet were washed with 200 mL of 0.05% cetylpyridinium chloride solution, dissolved in 174 mL of a 2 M NaCl/ethanol (100:15, v/v) solution, and then precipitated with 200 mL of 70% ethanol (v/v), for 12 h at 4 • C. After further centrifugation (2700 × g 4 • C; 25 min), the precipitate was washed twice with 200 mL of absolute ethanol and dried with acetone under hot air flow (60 • C).
Chemical analysis
Total neutral carbohydrate content of fractions was determined by the phenol-sulphuric acid method (Dubois, Gilles, Hamilton, Rebers, & Smith, 1956 ) using d-galactose to construct the standard curve. The content of soluble proteins was measured by the method of Bradford (Bradford, 1976) , using bovine serum albumin (BSA) as standard. The amount of sulfate group was estimated by the Dodgson and Price's method (Dodgson & Price, 1962) using sodium sulfate (Na 2 SO 4 ) as standard. Moisture and ash was calculated by heating at 105 • C and 750 • C respectively a desire amount of sample until constant weight.
Monosaccharide composition
The monosaccharide composition was estimated by gas-liquidchromatography-mass-spectrometry (GC-MS) of derived alditols using reductive hydrolysis procedure (Stevenson & Furneaux, 1991) . A Varian 3300 chromatograph and a Finnigan Mat ITD spectrometer were utilized. BD 225 column (30 m × 0.25 mm) was used. Helium was the carrier gas (1 mL/min).
Infrared spectroscopy
Fourier transform infrared (FT-IR) spectra of KBr pellets of the polysaccharides were recorded in a Shimadzu IR spectrophotomer (model 8300) scanning between 400 and 4000 cm −1 .
2.7. Nuclear magnetic resonance spectroscopy 13 C spectra of 2.5% (w/v) solutions in D 2 O were recorded at 353 K on a Fourier transform Bruker Avance DRX 500 spectrometer with an inverse multinuclear gradient probe-head equipped with z-shielded gradient coils, and with Silicon Graphics. Acetone was used as the internal standard (31.07 ppm for 13 C).
Carrageenan type -induced paw oedema
The animals were randomly divided into 6 groups (n = 5), and oedema was induced by the injection into the right hind paw of 50 L of a suspension of carrageenan (500 g/paw) in 0.9% sterile saline (group I). Mice were pretreated intraperitoneally (i.p.) with either 0.9% NaCl (group II untreated control); 10 mg kg −1 indomethacin (group III reference control); or PLS 3, 10 or 30 mg kg −1 (groups IV, V, and VI, respectively). Paw volume was measured immediately before (Vo), and at 1, 2, 3, and 4 h after carrageenan treatment (Vt) as previously described by Winter, Risley, and Nuss (1962) with a plethysmometer (Panlab, Barcelona, Spain). The effect of pretreatment was calculated as the percentage of inhibition of oedema relative to the paw volume of the saline-treated controls by using the following formula (Lanhers et al., 1991) :
2.9. Effect of PLS on paw oedema induced by different inflammatory agents
To induce paw oedema with different inflammatory agents, the animals were administered 50 L injections of dextran (500 g/paw), serotonin (1%, w/v), or histamine (1%, w/v) into the right hind paw (Vasconcelos et al., 2011) . One group received 50 L of 0.9% sterile saline and served as an untreated control. PLS (30 mg kg −1 ) or indomethacin (10 mg kg −1 , reference control) was injected i.p. 30 min before these intraplantar injections of phlogistic agents.
Determination of myeloperoxidase activity
The extent of neutrophil accumulation in the mouse paw was measured by a myeloperoxidase (MPO) activity evaluation. Briefly, 50-100 mg hind paw tissue was homogenized in 1 mL potassium buffer with 0.5% hexadecyltrimethylammonium bromide for each 50 mg of tissue. The homogenate was centrifuged at 40,000 × g for 7 min at 4 • C. MPO activity in the resuspended pellet was assayed by measuring the change in absorbance at 450 nm using odianisidinedihydrochloride and 1% hydrogen peroxide. The results were reported as MPO units/mg tissue. A unit of MPO (UMPO) activity was defined as that converting 1 mmol hydrogen peroxide to water in 1 min at 22 • C (Bradley, Christensen, & Rothstein, 1982) .
Peritonitis model in mice
Mice were injected p.o. with 250 L sterile saline or indomethacin 10 mg kg −1 or PLS 30 mg kg −1 . One hour later, the animals were injected i.p. with 250 L carrageenan (500 g/cavity) into the peritoneal cavity. Mice were euthanized 4 h later and the peritoneal cavity was washed with 1.5 mL of heparinized phosphate buffered saline (PBS) to harvest peritoneal cells. Total cell counts were performed in a Neubauer chamber, and differential cell counts (100 cells total) were carried out on cytocentrifuge slides stained with haematoxylin and eosin. The results are presented as the number of neutrophils per mL of peritoneal exudate.
Acetic acid-induced writhing test
The acetic-acid writhing test was used to evaluate analgesic activity (Collier, Dinneen, Johnson, & Schneider, 1968) . The mice (n = 5 per group) were injected (i.p.) with 0.6% acetic acid (10 mL kg −1 body weight), and the intensity of nociception was quantified by counting the total number of writhes, which included abdominal muscle contractions and hind paw extension over 20 min (Koster, Anderson, & De-Beer, 1959) . The animals received PLS (30 mg kg −1 , i.p.) or sterile saline (control group, 0.9%, w/v) 30 min before acetic acid injection. Morphine (5 mg kg −1 , s.c.) was administered 30 min before acetic acid as a reference compound.
Formalin test
This test, which produces a local tissue injury to the paw, has been used as a model for tonic pain and localized inflammation pain (Hunskaar, Fasmer, & Hole, 1985) . Twenty microliters of 2.5% formalin was administered (i.p.) into the right hind paw of mice. The licking time was recorded from 0 to 5 min (phase 1, neurogenic) and from 20 to 25 min (phase 2, inflammatory), after the formalin injection (Hunskaar & Hole, 1987) . The mice (n = 5 per group) were then treated with PLS (30 mg kg −1 , i.p.) or sterile saline (0.9%) 30 min before formalin injection. Morphine (5 mg kg −1 , s.c.) was also administered 30 min before the formalin injection and used as a reference compound.
Hot-plate test
The hot plate test also measures analgesic activity (Eddy & Leinback, 1953) . Each mouse was placed twice onto a heated plate (51 ± 1 • C) separated by a 30 min interval. The first trial familiarized the animal with the test procedure, and the second trial served as the control for the reaction time (licking the paw or jumping). Animals showing a reaction time greater than 20 s were excluded. After the second trial (control reaction time), groups of animals (n = 5) received sterile saline (0.9%, i.p.), PLS (30 mg kg −1 , i.p.), and morphine (5 mg kg −1 , s.c.; reference drug). The reaction times were measured at time zero (0 time) and 30, 60, 90 and 120 min after the compounds were administered, with a cut-off time of 45 s to avoid paw lesions.
Statistical analysis
Results are expressed as mean ± SEM from at least 5 animals per group. Statistical analysis was performed using ANOVA followed by Bonferroni post hoc test, when appropriate. Statistical significance was set at P < 0.05.
Results and discussion
Structural analysis of the sulfated galactan from A. ramosissima (PLS)
Extraction from A. ramosissima yielded 45.2% PLSs. The fraction extracted was rich in PLSs and had a soluble carbohydrate content of 64.4%, moisture of 17.4% and ash of 18.1% with only traces of protein (content below 1%). Sulphate content of soluble polysaccharide was 27.2%. Although the use of enzymatic digestion and precipitation with cetyl pyridinium chloride (CPC) does not provide the maximum yield of gel in a single step, it provides a more purified fraction with a high content of PLSs and low protein content.
The monosaccharide composition (mol%) of the PLS fraction showed galactose (44.8%), 3,6-anhydrogalactose (23.8%) and 6-O-methylgalactose (4.5%) and glucose (26.9) as the main saccharides. The presence of glucose shows that same floridean starch was extracted in this procedure. Taking into account the percentage of glucose and total amount of carbohydrate we can estimate that the amount of galactose units (galactose + 3,6-anhydrogalactose + 6-O-methylgalactose) in relation to dry algae is around 21%.
The FT-IR spectrum ( Fig. 1 ) of soluble polysaccharide from A. ramosissima shows bands at 1259 cm −1 characteristic of the sulfate groups and at 930 cm −1 attributed to C O C of 3,6-anhydrogalactose. The region at 800-850 cm −1 is used for algal polysaccharides to characterize the sulfate pattern of agarocolloids. Two main bands at 850 and 805 cm −1 were assigned to sulfate substitution at C-4 of galactose and C-2 of anhydrogalactose (Bock, Pedersen, & Pedersen, 1984; Furneaux, Miller, & Stevenson, 1990) . The shoulders at 972 and 905 cm −1 were attributed respectively to sulfate of ␣-d-galactose and the presence of ␤-d-galactose without sulfate and/or its 6-O-methyl derivative 13 C NMR spectrum of the PLS fraction from Agardhiella ramossisima. (Estevez, Ciancia, & Cerezo, 2000) . The presence of ␤-d-galactose without sulfate and/or its 6-O-methyl derivative observed by FR-IR analyses corroborates with monosaccharide analysis where a high proportion of galactose was higher than of the 3,6-anhydrogalactose. The anomeric region of 13 C NMR (Fig. 2) shows three main signals, which were assigned based on literature data (Cases, Stortz, & Cerezo, 1997; Falshaw, Furneaux, & Miller, 1999; Lahaye, Yaphe, & Rochas, 1985; Seymour, Knapp, & Bishop, 1976) as C-1 of ␤-d-galactose-4 sulfate (G4S) at ␦ 101.8 and C-1 of 3,6 anhydro-␣-d-galactose-2 sulfate (DA2S) at ␦ 91.7.This dyad is representative of a carrageenan structure. The other anomeric carbon is due glucose from floridean starch (␦99.7). Murano, Toffanin, Cecere, Rizzo, and Knutsen (1997) also detected floridean starch in polysaccharide extracted from Agardhiella subulata. Table 1 shows the attribution based on reference data of carrageenans fraction present in PLS. The 13 C NMR and FT-IR spectra indicates that the polysaccharide fraction extracted from A. ramosissima has a rich fraction of carrageenan, but PLS fraction also contains floridean starch.
3.2. Biological activity of the sulfated galactan from A. ramosissima (PLS) 3.2.1. Effect of PLS on carrageenan type -induced paw oedema
After being made to characterize the polymer (PLS) extracted from Agardhiella ramissisima we performed assays to evaluate the biological activity of this substance.
Polymers derived from algae, exhibit a wide range of pharmacological activities and are used worldwide in folk medicine (Agra, Silva, Basílio, Franç a, & Barbosa-Filho, 2008; Cabrita, Vale, & Rauter, 2010; Vuorela et al., 2004; Zhang et al., 2010) . In the present study, we investigated the possible anti-inflammatory properties of a PLS fraction extracted from the marine red algae A. ramosissima by using pharmacological tools and molecular procedures. Our results clearly demonstrate the anti-inflammatory and anti-nociceptive effects of PLS in models of inflammation (paw oedema and peritonitis) and nociceptive tests in mice. Table 2 shows the paw volumes and percentages of inhibition of PLS and indomethacin in carrageenan-induced paw oedema. The results demonstred that carrageenan (500 g/paw) Table 1 Chemical shift assignments for 13 C NMR spectra of PLS fraction from A. ramosissima (PLS). increase in the volume of the right paw was measured at 3 h and 4 h after injection in the control mice. Indomethacin treatment at a dose of 10 mg kg −1 throughout the experimental period significantly inhibited hind paw swelling (*P < 0.05), with maximal inhibition of 95.74% and maximal effect 3 h after injection. In the same table we observe that PLS (1, 10 and 30 mg kg −1 ) diminished carrageenan-induced paw oedema at all intervals. The maximal inhibitory effect occurred at a dose of 30 mg kg −1 (1 h: 0.020 ± 0.008 mL*, 73.33%; 2 h: 0.013 ± 0.005 mL*, 83.75%; 3 h: 0.025 ± 0.003 mL*, 72.22%; and 4 h: 0.013 ± 0.004 mL*, 86.17%). Therefore, this dose was selected for studying the possible mechanisms of action involved in the PLS-mediated decrease of inflammation. Carrageenan-induced acute paw inflammation has been characterized as a biphasic event, and a number of mediators are involved in this inflammatory reaction. Histamine, serotonin, bradykinin, and substance P are released in the first phase. A delayed phase (after 2 h) is primarily sustained by infiltration of granulocyte cells into the site of inflammation, inducing secretion of several proinflammatory mediators such as nitric oxide, prostaglandins, and cytokines (Di Rosa, Giroud, & Willough, 1971; Gilligan, Lovato, Erion, & Jeng, 1994) .
The results of our experiment suggest that PLS exerts its antioedematogenic effects by inhibiting the two phases of carrageenaninduced oedema.
Effect of PLS on dextran, histamine and serotonin-induced paw oedema
This assays analyzed the ability of PLS to inhibit osmotic paw oedema. Our results demonstrated that dextran injection (0.090 ± 0.007 mL; Fig. 3A) , histamine (0.090 ± 0.008 mL; Fig. 3B ) produced maximum peak oedema within 1 h after the administration and serotonin (0.090 ± 0.017 mL; Fig. 3C ) after 30 min. Treatment of indomethacin inhibited paw oedema induced by dextran ( Fig. 3A; 1 h: 0.011 ± 0.006 mL), histamine ( Fig. 3B ; 30 min: 0.006 ± 0.003 mL), and serotonin ( Fig. 3C ; 1 h: 0.011 ± 0.004 mL). Pre-treatment with PLS (30 mg kg −1 ) effectively inhibited paw oedema induced by dextran (100% inhibition; 30 min: Fig. 3A) , histamine (95.55%; 1 h: Fig. 3B ), and serotonin (72.22%; 1 h: Fig. 3C ).
Dextran is a pro-inflammatory agent that promotes the release of vasoactive amines, such as histamine and serotonin, causing osmotic oedema characterized by an increase in vascular permeability and low levels of protein and neutrophils (Calixto, Campos, Otuki, & Santos, 2004) . Therefore, we can infer that PLS affects the vascular component of oedema, which appears to be mediated by the decreased action of histamine and serotonin.
Effect of PLS on MPO concentration
MPO activity is an indication of neutrophil infiltration in this study. We demonstrated that PLS (30 mg kg −1 ) inhibited the neutrophil-induced damage by reducing MPO activity in the paws of the mice (Chaves et al., 2013) . Fig. 4 shows that PLS (30 mg kg −1 ) inhibited neutrophil infiltration, which was evident from the MPO activity measured in the mice paws. The carrageenan sub-plantar group showed MPO activity at a concentration of 18.97 ± 2.53 UMPO/mg of plantar tissue, while the group treated with PLS showed MPO activity of 2.76 ± 1.17 UMPO/mg of plantar tissue, which is equivalent to a reduction of 85.45%.
The inflammatory response induced by carrageenan in paw oedema also involves intense neutrophil infiltration (Carvalho et al., 1996; Hajare et al., 2001) . Myeloperoxidase (MPO) is an enzyme found primarily in the azurophilic granules of neutrophils, and therefore, has been used extensively as a biochemical marker for granulocyte infiltration into various tissues (Bradley et al., 1982) . Fig. 3A ; 500 g/paw; 50 L), histamine ( Fig. 3B ; 1%, w/v; 50 L), and serotonin ( Fig. 3C ; 1%, w/v; 50 L) injections into the plantar right paw. Paw volume was measured after 30 min, 1, 2, 3, and 4 h for dextran, histamine, and serotonin injections. Animals were pretreated with PLS (30 mg kg −1 ; i.p.), saline (Sal; control), or indomethacin (Ind; 10 mg kg −1 ; i.p.). Each point represents the mean ± SEM of 5 animals. *P < 0.05 indicates a significant difference from the dextran, histamine, or serotonin groups. Statistical analyses were performed using ANOVA followed by a Bonferroni post hoc test.
Thus, we can suggest that the anti-inflammatory action of PLS is dependent on the mechanisms of neutrophil migration.
Effect of PLS on carrageenan-induced peritonitis in mice
To reinforce the anti-inflammatory effect of PLS involved in diminishing neutrophil migration, we tested PLS in a carrageenaninduced peritonitis model. Fig. 5 shows the carrageenan increased the total leucocyte count of 8.22 × 10 6 ± 0.57 × 10 3 cells/mL (Fig. 5A ) and neutrophil count of 4.63 × 10 3 ± 0.35 × 10 3 cells/mL Table 2 Effect of PLS fraction on carrageenan-induced paw oedema in mice. Values of paw oedema are expressed as mean ± SEM (n = 6). The % inhibition of paw oedema is indicated in parentheses. Carrageenan (Cg); PLS (sulphated polysaccharide fraction). ( Fig. 5B) . However, the administration of PLS (30 mg kg −1 , i.p.) 30 min before carrageenan injection significantly reduced this peritoneal leucocyte count to 4.31 × 10 6 ± 0.71 × 10 3 cells/mL. The same dose of PLS also significantly reduced neutrophil migration into the peritoneal cavity to 1.90 × 10 3 ± 0.49 × 10 3 cells/mL. Animals administered only indomethacin exhibited a reduced leucocyte count as shown in Fig. 5A and B. Carrageenan induces neutrophil migration into the rats peritoneal cavity through an indirect mechanism that involves the activation of macrophages and the release of pro-inflammatory cytokines, such IL-1␤ and TNF-␣, into the peritoneal cavity (Lo, Almeida, & Beaven, 1982) . In this study, we showed for the first time that PLS also decreased leucocyte migration to the peritoneal cavity. According this data we can infer that the PLS decreased neutrophil migration by diminished the production and releasing of pro-inflammatory cytokines.
3.2.5. Effect of PLS on nociceptive test 3.2.5.1. Effect of PLS on acetic acid-induced writhing test. There is an association between the inflammatory process and the development of pain (Bitencourt et al., 2008) . The anti-nociceptive effect of PLS extracted from A. ramosissima was evaluated using three Fig. 4 . Effect of PLS fraction on carrageenan-induced myeloperoxidase activity in paw tissue. Saline (Sal; s.c.) or carrageenan (Cg; 500 g/paw) was injected into the plantar surface of mice. One hour before Sal or Cg injection, the animals were treated with indomethacin (IND; 10 mg kg −1 , i.p.) or sulphated polysaccharide (PLS; 30 mg kg −1 , i.p.) fraction. Myeloperoxidase (MPO) activity was detected in the paw tissue after 4 h. The results are expressed as the mean ± SEM MPO units (UMPO)/mg of tissue. * indicates P < 0.05 compared to the Cg group; # indicates P < 0.05 between the Sal plus Cg group and the saline group. Statistical analyses were performed using an ANOVA followed by a Bonferroni post hoc test.
well-accepted murine pain models, namely acetic acid-induced writhing, and formalin-and hot-plate-induced nociception tests. Our results demonstrated that PLS treatment (i.p.; 30 mg kg −1 ) in mice 30 min before acetic acid injection showed significant antinociceptive effect by inhibiting abdominal writhings (Fig. 6A) . The percentage of inhibition was 82.0% in comparison to that in the control group (saline plus acetic acid). The inhibitory effect of the writhings was expressed more intensely when 5 mg kg −1 morphine (i.p.) was administered, indicating a decrease of 98.80%. This o.) fraction, followed by the injection of 500 g of carrageenan diluted in 250 L of saline solution (i.p.) after 1 h. The mice were killed 4 h later, and the peritoneal cavity was washed with 1.5 mL of heparinised phosphate-buffered saline (PBS) to harvest the peritoneal cells. The white bars represent the peritoneal neutrophils in the saline-injected mice (control group). The values are represented as mean ± SEM. # indicates P < 0.05 compared to the Sal group; * indicates P < 0.05 compared to the carrageenan group; "a" indicates P < 0.05 compared to the carrageenan group. "b" indicates P < 0.05 compared to the PLS group. Fig. 6D shows the effect of the PLS on the hypernociceptive hot-plate stimulus in mice. In this test, the reaction times were measured at time zero (0 time) and 30, 60, 90 and 120 min after the compounds were administered. The values are expressed as the mean ± SEM of 6 mice. *P < 0.05 indicates a statistically significant difference from the saline plus acetic acid or saline plus formalin groups; #P < 0.05 indicates a statistically significant difference with saline or PLS group. Statistical analyses were performed by an ANOVA followed by a Bonferroni post hoc test.
demonstrates the peripheral anti-nociceptive action of our PLS fraction.
The acetic acid-induced writhing reaction in mice has been largely used as a screening tool for the assessment of analgesic or anti-inflammatory properties of new agents, and has been described as a typical model for visceral inflammatory pain (Tjølsen & Hole, 1997) . The writhing test is commonly used for screening peripherally active analgesic. This model involves different nociceptive mechanisms, such as the release of biogenic amines (e.g., histamine and serotonin), cyclooxygenases and their metabolites (Duarte, Nakamura, & Ferreira, 1988) , and opioid mechanisms (Collier et al., 1968) . These mediators activate chemosensitive nociceptors that contribute to the development of inflammatory pain (Corrêa et al., 1996; Ikeda, Ueno, Naraba, & Oh-ishi, 2001; Ribeiro et al., 2000) . PLS was able to reduce the writhings, suggesting that its anti-nociceptive effect could be related to the inhibition of the release of mediators in response to acetic acid.
3.2.5.2. Effect of PLS on formalin test. Formalin-induced nociception was another model utilized in this study. The acetic acid-induced abdominal writhing and hot plate test have been reported as being useful for investigation of peripheral or central activity, while the formalin-induced nociception test is valuable in detecting both effects (Tjølsen & Hole, 1997) . Our results demonstrated that the PLS (30 mg kg −1 ), injected i.p. 30 min before formalin, showed a significant anti-nociceptive effect, reducing the licking time, only in the second and inflammatory phase ( Fig. 6C ; 80.54%) of the test in comparison to the control group (saline + formalin group). As expected, morphine significantly reduced the formalin response in both phases. The morphine inhibitory effect varied from an 85.25% reduction in licking time in the first phase (Fig. 6B) to a 98.05% reduction in the second phase (Fig. 6C) .
Neurogenic and inflammatory pain was evaluated using the formalin test. The formalin response showed two phases. The first phase is characterized by neurogenic pain caused by a direct chemical stimulation of nociceptors. The second phase is characterized by inflammatory pain triggered by a combination of stimuli, including inflammation of the peripheral tissues and mechanisms of central sensitization (Tjølsen & Hole, 1997; Tjølsen, Berge, Hunskaar, Rosland, & Hole, 1992) . In the latter phase, different chemical mediators are involved including excitatory amino acids, neuropeptides, PGE2, nitric oxide, and kinins (Malmberg & Yaksh, 1995; Omote, Kawamata, Kawamata, & Namiki, 1998; Santos & Calixto, 1997; Tjølsen & Hole, 1997; Vanegas & Schaible, 2001 ).
Different mechanisms have been shown to be involved in first and second phase nociceptive behaviours, based on the differential pharmacology associated with these behaviours. It has been widely reported that both phases are sensitive to centrally acting drugs such as opioids (Shibata, Ohkubo, Takahasi, & Inoki, 1989) . However, the second phase is also sensitive to anti-inflammatory drugs. In our results, PLS inhibited only the second phase, suggesting that the anti-nociceptive effect of that polymer is related to inflammatory peripheral pain.
3.2.5.3. Effect of PLS on hot-plate test. To confirm that PLS diminishes inflammatory peripheral events, we performed the hot-plate test. The PLS did not show any anti-nociceptive effect in all intervals. The administration of the reference drug, morphine, at 5 mg kg −1 showed anti-nociception (Fig. 6D) , with a delay in the reaction time of 35.95 ± 4.16 and 34.83 ± 3.81 s compared to the saline group (17.45 ± 3.3 and 15.95 ± 1.00 s) at 30 and 60 min, respectively.
The test is a specific central anti-nociceptive test in which opioid agents exert their analgesic effects via the central nervous (Nemirovsky, Chen, Zelma, & Jurna, 2001 ). PLS did not alter the increase in latency for jumping or licking in mice. These results suggest that PLS action depends on a peripheral, rather than a central-acting mechanism.
Conclusion
In conclusion, our work shows that the polymer extracted from A. ramossisima (PLS) has a rich fraction of carrageenan. It can be argued that PLS have anti-nociceptive and anti-inflammatory activities and may possibly act via inhibition of inflammatory mediators. However, pharmacological and chemical studies are needed in order to characterize the mechanism(s) responsible for the antinociceptive and anti-inflammatory actions and also to identify other active agents present in this alga. Moreover, the results obtained in this study contribute significantly to the pharmacological studies from marine compounds with anti-inflammatory and analgesic effects.
